For every organism, from the tallest tree to the noisiest cricket to the tiniest microorganism, there is a name. Naming living things is a hallmark of human communication: they allow people to explore, classify, and interpret the world around them. Not all communities name organisms the same way, however. For example, a puma, a mountain lion, and a cougar are common names for the same animal. Moreover, names carry with them an implicit grouping of objects. Recognizing the implication of names and the importance of standardized naming conventions, scientists strive to develop clear rules for naming and grouping living organisms.
Taxonomy is the scientific study of biological classification. Modern taxonomy uses the evolutionary relationships among lineages to draw this classification. Members of a species, the fundamental unit of taxonomy and evolution, share a common evolutionary history and a common evolutionary path to the future. Yet, it can be difficult to determine whether the evolutionary history or future of a population is sufficiently distinct to designate it as a unique species. As a result, the precise taxonomic status of an organism may be highly debated. This is the current case with the Mexican gray wolf (Canis lupus baileyi) and the red wolf (Canis rufus). 
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GUIDING PRINCIPLES
Determining the taxonomic status of the Mexican gray wolf and the red wolf requires an understanding of the contemporary meanings of species and subspecies. While there are many modern species concepts, all share the goal of identifying groups of organisms whose mutual reproductive compatibility sustains genetic continuity across time and space.
Increasingly, genomic data reveal that gene flow among taxonomic groups through hybridization 1 is a common feature of the evolutionary history of many widely accepted species, including wolves. The complete genetic separation and absence of admixture 2 is no longer a strict criterion for determining taxonomic status. Thus, a variety of approaches are needed for assessing whether a given group of organisms constitutes a distinct, independently evolving lineage. Combining multiple data types and tools, such as morphology, behavioral traits and ecological roles, and genetic and genomic data, can provide a more complete picture of the taxonomy and evolutionary history of species and subspecies, generally, and of wolves specifically.
USING GENETICS AND GENOMICS TO DISCERN TAXONOMY
Ecological, morphological (e.g., data on animal size), and behavioral data can all be of use in identifying lineages. But challenges can arise when data of different types suggest different conclusions. Modern genetic data and analytical tools can help to address these challenges. Key insights on population history can emerge through an analysis of genomic data from ancient samples collected using paleontological or archaeological approaches combined with genomic data from modern populations that inhabit the same locations. Assembling data can be challenging, however. For North American canids, for example, while multiple whole-genome sequences are available from a large set of modern individuals, data from older samples are comparatively sparse.
THE TAXONOMIC STATUS OF THE MEXICAN GRAY WOLF
Gray wolves often disperse over long distances across a variety of environments. This behavior has been used to argue that the subspecies of North American gray wolves generally, and the subspecific status of the Mexican gray wolf in particular, cannot be justified biologically. The designation of the Mexican gray wolf as a subspecies has also been questioned on other grounds, specifically whether they are sufficiently distinct, morphologically and genetically, to justify that status. In addition, some scientists have suggested that the extant Mexican gray wolf population, derived from individuals from three captive lineages, includes ancestry from dogs or coyotes due to previous admixture.
Whether the Mexican gray wolf is a valid subspecies hinges on the strength of available evidence to answer two questions:
1. Is there evidence for distinctiveness of Mexican gray wolves from other North American Canis populations? 2. Is there evidence for genetic continuity between the historical Mexican gray wolf lineage and the present managed population?
Distinctiveness of Mexican Gray Wolves from Other North American Canis Populations
From its discovery, the Mexican gray wolf has been considered behaviorally, ecologically, and physically distinct. For example, the Mexican gray wolf represents a smaller form of the gray wolf and inhabits a more arid ecosystem than the gray wolf. Its morphology and coloration also distinguish the Mexican gray wolf from other North American wolves. The genetic evidence published to date also overwhelmingly supports the Mexican gray wolf being a subspecies of the gray wolf. According to a large number of studies (using mitochondrial DNA sequencing and microsatellite loci as well as studies using next-generation sequencing and genomic technologies), this subspecies has been determined to be the most genetically divergent wolf in North America. There is no evidence that Mexican gray wolves are derived from a hybridization with dogs and no evidence for any recent hybridization with coyotes.
Continuity Between the Historical Mexican Gray Wolf Lineage and the Present Managed Populations
While differences in allele frequencies and DNA sequences alone do not demonstrate the distinctiveness of a lineage, the analysis of ancient DNA reinforces the conclusion that the historical population of Mexican gray wolf represents a distinct evolutionary lineage of gray wolf. Studies that have used ancient DNA taken from historical museum specimens in combination with modern DNA samples have also determined that the Mexican gray wolf lineage likely resulted from one of the earliest waves of colonization of Canis lupus into the New World. Additionally, the known history of the extant Mexican gray wolves suggests that there is continuity between them and the historical lineage.
Synthesis of Findings and Conclusion
Mexican gray wolves are distinct from other North American gray wolves morphologically, paleontologically, genetically, genomically, behaviorally, and ecologically. Thus, the Mexican gray wolf is a valid taxonomic subspecies of the gray wolf, Canis lupus, with its current classification of Canis lupus baileyi.
Mexican gray wolf
The timing of the admixture between red wolves and other canids is still unresolved, but red wolves have divergent genetic ancestry that predates European colonization 3 . Red wolves have a social organization and reproductive behavior that are more similar to those of gray wolves than to coyotes, and when mates are available, red wolves exhibit positive assortative mating.
Continuity Between the Historical Red Wolf Population and Contemporary Managed Populations
Genetic continuity between the managed red wolf population and the historical wolf in the eastern United States cannot be firmly established without genomic data from ancient specimens. However, the patterns of genetic variability are compatible with the hypothesis that the red wolf shares a fraction of its genetic history with a canid distinct from modern reference coyotes and gray wolves.
The social behavior of the restored populations is very similar to that reported for the natural population. For example, the requirement of larger home ranges for wolves compared to coyotes is consistent between the original natural population and the extant managed population in North Carolina. The diet of the red wolves in the restored population also includes a greater consumption of deer than the natural population, but this may be a function of prey availability and body size.
Synthesis of Findings
The four possible taxonomic options for the red wolf are:
It is a distinct species of wolf (Canis rufus)
Plausible. The available evidence suggests that the most appropriate taxonomic designation for red wolves is as a distinct species that possibly has historical admixture.
3 Evidence suggests that admixture in red wolves took place prior to the 1500s (before significant European colonization of what is now the eastern United States), and so is not the result of human-induced ecological changes.
THE TAXONOMIC STATUS OF THE RED WOLF
During the 20th century, red wolf populations were nearly eradicated. A few remaining specimens with red wolf morphology were captured and used to establish a breeding program. The breeding program descendants were reintroduced in North Carolina and are now a managed population in the wild. Ever since, there has been substantial controversy regarding the species status of the red wolf. This is because the individuals that were used to inaugurate the breeding program were captured from a region where there had already been substantial admixture between eastwardexpanding coyotes and the local gray wolves or red wolves.
Whether the red wolf is a valid species hinges on the strength of the evidence to answer three questions:
1. Is there evidence that the historical population of red wolves was a distinct lineage?
2. Is there evidence for distinctiveness of contemporary red wolf populations from gray wolves and coyotes?
3. Is there evidence for continuity between the historical red wolf population and contemporary managed populations?
Distinctiveness of the Historical Population of Red Wolves
The paleontological record of canids in the eastern United States indicates the presence of a canid during the last 10,000 years that was slightly smaller than gray wolves and substantially larger than coyotes. The specimens of this canid show aspects of cranial morphology distinct from both coyotes and gray wolves. The earliest specimen of this canid, found in Florida, is dated at about 10,000 years ago, when coyotes had disappeared from what is now eastern North America. Coyotes returned to this region in the 1900s, long after extant red wolves had been described as a separate species from gray wolves.
Distinctiveness of Contemporary Red Wolf Populations from Gray Wolves and Coyotes
The extant red wolf population carries genetic ancestry divergent from coyotes that dates back 55,000 to 117,000 years ago. The red wolf is also genetically more closely related to coyotes than to western gray wolves. However, it carries some genetic ancestry not found in reference populations of western gray wolves or coyotes. This is reinforced by the genetic analyses of the Galveston Island population of wolves, which shares private alleles with the North Carolina red wolves. The red wolf has coyotelike mitochondrial DNA, which indicates some degree of past historical admixture. However, the genetic evidence is not compatible with the suggestion that the extant red wolves are products of recent hybridization between gray wolves and coyotes. 
Division on Earth and Life Studies
It is a subspecies of gray wolves
Seems inappropriate. Red wolves, historically and presently, show genetic evidence of being more closely related to coyotes than to gray wolves.
It is a subspecies of coyotes
Not tenable. There are substantial morphological and behavioral differences between coyotes and red wolves.
It is a group of recently admixed individuals belonging to neither wolves nor coyotes
Can be rejected due to the estimates of deep divergent DNA in red wolves; the estimates of an admixture time mostly predating coyotes expansion; and the presence of unique alleles in red wolves that are also found in a population of wolves on Galveston Island but not found with other reference populations.
The time scales of divergence and the amount of introgression (gene transfer through hybridization) since divergence can affect taxonomic considerations. Red wolves have a deep divergence from coyotes, although the extant red wolf seems to trace a large proportion of its genome to relatively recent admixture with coyotes. The
